Recently there has been a major inflation in the usage of metal and nonprecious alloys in clinical dentistry. The term stainless steel is used when the chromium content is generally in the range of 12--30%. Stainless steel can be classified as ferritic, martensitic and austenitic.\[[@ref1]\] The austenitic stainless steel contains 18% chromium and 8% nickel, it is used for making orthodontic bands wires, space maintainers, brackets,\[[@ref2]\] etc. Nickel is added in austenitic stainless steel alloy so that the austenitic phase stabilizes; there is improvement in the anti-corrosive property of the alloy and decrease in the ductility, whereas chromium is added to facilitate the formation of an anticorrosive passive film.\[[@ref3]\]

Nickel is a commonly used metal in orthodontic treatments because it is one of the basic elements that can easily be combined with other metals to form alloys. Different components of orthodontic appliances like arch wires (stainless steel and nickel-titanium \[NiTi\]) brackets, bands, face bows, stainless steel ligatures and stainless steel components of removable appliances are potential sources of nickel.\[[@ref4]\] The 18/8 stainless steel contains 8% nickel, NiTi archwires contains 47--50% nickel, which makes it the richest source of nickel in an intraoral environment of the orthodontic patient.\[[@ref5]\] Grimsdottir *et al.* observed the composition of brackets, face bows, arch wires and bands; and concluded that most components contain 8--12% nickel.\[[@ref6]\]

The chief reason for the concern of an orthodontist about nickel is that it is released into the saliva.\[[@ref1][@ref7][@ref8][@ref9][@ref10]\] Several *in vitro* studies have proved the release of nickel. The release of nickel is not necessarily proportional to the alloy\'s nickel content.\[[@ref11]\] Factors such as heat treatment and soldering can accelerate nickel release. Quantity and quality of saliva,\[[@ref12]\] salivary pH, plaque and amount of salivary proteins, physical and chemical properties of food and liquids, general and oral health conditions are certain other factors.

Nickel is a strong immunologic sensitizer and it is the most common cause of allergic contact dermatitis,\[[@ref13]\] which is a type IV, delayed hypersensitivity immune response. Nickel allergy leads to burning sensation, rashes, swelling and painful erythematous lesions in the oral and labial mucosa. Gingivitis, gingival hyperplasia, lip desquamation, metallic taste, angular cheilitis and periodontitis may also follow the allergic reaction. Symptoms such as fever, compatible with general allergic reaction were reported at times.\[[@ref14]\]

Bishara *et al.*\[[@ref10]\] conducted a study to determine an increase in blood levels of nickel in patients under routine orthodontic therapy. Blood samples were collected at three-time intervals from 31 patients to mean age of 12 and 38 years. A baseline sample was obtained before fitting or cementation of bands. Another sample was obtained after orthodontic appliances placement for approximately 2 months and third blood sample was collected after appliance had been in place for at least 4--5 months, where stainless steel archwires were predominantly being used. The result indicated that no demonstrable increase in the blood level of nickel occurred during the 5 months course of orthodontic treatment.

Two months after the placement of the orthodontic appliance, hiked urinary\[[@ref12][@ref15]\] nickel levels was reported. In a recent study by Faccioni *et al.*,\[[@ref16]\] found that nickel ions can produce DNA breaks in the cell of the oral mucosa.

The aim and purpose of this study are to determine and compare the amount of nickel release from three types of orthodontic brackets in different artificial salivary pH in different time intervals.

Materials and Methods {#sec1-1}
=====================

This study was performed in the Department of Orthodontics and Dentofacial Orthopaedics, Rajah Muthiah Dental College and Hospital, Annamalai University. The artificial saliva preparation was done in association with the Department of Biochemistry and Department of Physics, Annamalai University. The chemical analysis was done in the Department of Earth Science and Marine Biology, Annamalai University using inductively coupled plasma-Atomic Emission Spectroscopy (ICP-AES) (Perkin Elmer, Optima 2100 DV, USA) \[[Figure 1](#F1){ref-type="fig"}\] to determine *in vitro* nickel discharge from as received conventional, recycled stainless steel, and metal slot ceramic brackets (CM).

![Inductively coupled plasma-atomic emission spectrophotometer](JPBS-7-587-g001){#F1}

Laboratory procedure {#sec2-1}
--------------------

A total of 27 samples were used in this study, which are presented in [Table 1](#T1){ref-type="table"}. Each laboratory ware made of low-density polyethylene was cleaned by soaking in 1:1 nitric acid for at least 48 h, rinsed with Milli-Q water, then dried and stored in plastic bags.

###### 

Comparison of Group 1, Group 2 and Group 3 brackets under subgroups

![](JPBS-7-587-g002)

The artificial saliva, used as the immersion electrolyte, was modified according to the method and composition described by Tanni and Zucchi\[[@ref17]\] \[[Table 2](#T2){ref-type="table"}\]. The prepared solution was divided into three aliquots. In each the pH was measured potentiometrically using a deluxe pH meter company (model no: 1299064 394/01, Micro teknik Ambala, India) \[[Figure 2](#F2){ref-type="fig"}\] and adjusted with a small amount of hydrochloric acid, and hence that the volume of the solution remained constant. The final pH values of the aliquots were 4.2 pH, 6.5 pH and 7.6 pH \[[Figure 3](#F3){ref-type="fig"}\].

###### 

Composition of artificial saliva prepared using Tani and Zucchi method

![](JPBS-7-587-g003)

![Adjusting the pH of saliva](JPBS-7-587-g004){#F2}

![Artificial saliva with different pH](JPBS-7-587-g005){#F3}

A total of 135 orthodontic brackets were divided into three groups with 45 brackets in each group; Group-1 consists of metal brackets (M) that is, new conventional Victory stainless steel brackets (slot 0.022 in MBT prescription, 3M Unitek) composition weight percentage, chromium 10--20%, nickel \<4%. Group-2 consists of recycled metal brackets (MR) that is, Victory stainless steel brackets (slot 0.022" in MBT prescriptions, 3M Unitek), recycled by flaming, which is followed by ultrasonic cleaning. The gas torch flame tip was pointed at the base of the bracket for 5 s until it become red hot. It was then quenched in water at room temperature and dried in the air stream. Brackets were then ultrasonically cleaned for 10 min. Group-3 consists of CM that is, metal slot CM 0.002" MBT prescription, Clarity 3M Unitek. Composition\[[@ref18]\] - polycrystalline with metal slot.

Each group of brackets were rinsed with a mixture of ethanol and acetone in an ultrasonic cleaning bath for 30 min, and each group of dried brackets were weighed to facilitate the metallic mass exposure to the solutions. After that, the samples (each contains 15) were immersed in cleaned, low-density polyethylene 100 ml bottles containing 10 ml of artificial saliva. The samples were gently stirred at room temperature to ensure that all the parts of the brackets were soaked thus obtaining homogeneous solutions.

Analysis of samples {#sec2-2}
-------------------

The chemical analysis was done in the Department of Marine Science and Marine Biology, Annamalai University. The presence of nickel in the given samples was analyzed by ICP-AES (Perkin Elmer, Optima 2100 DV, USA) \[[Figure 1](#F1){ref-type="fig"}\].

Calibrated standards of nickel (10 μg/ml) were made from Merck ICP-AES, standard solution. Milli Q (blank) water was used for dilution. The samples were then introduced into the ICP-AES. Twenty percentage nitric acid was used for washing the capillary tubes after each analysis of every sample. Quantitative analysis of nickel was done three times, and the mean value was used as the result. Computer controlled data collection was used to interpret the result, the technique is based on the principal that when liquidized acid treated specimens are exposed to a temperature in the range of 5000--10,000 K, they emit light, which is recorded by multiple photodetectors.

After 1-h, 48 h and 120 h, 0.1 ml of the eluent was removed and diluted and acidified at pH-2 with HNO~3~. Each solution was analyzed to determine the concentration of nickel release from the brackets by using the ICP-AES. The pH of the eluent\[[@ref19]\] solutions was always re-measured after each cycle. At the end of the procedure, the brackets were rinsed with Milli-Q water, air-dried and reweighed to verify any material loss during the leaching procedure.

Statistical tools used {#sec2-3}
----------------------

The following statistical tools were used to analyze the collected data. ANOVA (F-test) was used to test the significant difference among the groups. Level of significance was considered at 0.05 levels that are, *P* \< 0.05. Furthermore, descriptive statistics was used to find mean, standard deviation, minimum, and maximum. The software used for statistical analysis was SPSS-18 software (SPSS.Ltd, Quarry bay, Hong Kong, PASW-statistics 18).

Result {#sec1-2}
======

All the groups were divided into three sub Groups a, b, and c \[[Table 1](#T1){ref-type="table"}\]. The materials in each subgroups, fifteen brackets were placed in separate low density polyethylene 100 ml container containing 10 ml artificial saliva at different pH levels: 4.2, 6.5 and 7.6; for the study period of 120 h.

After 1 h, 48 h and 120 h; 0.1 ml of the eluent was removed into a 10 ml low density polyethylene container and diluted and acidified at pH 2 with HNO~3~. Each solution was analyzed to determine the concentration of nickel released from different types of brackets by using ICP-AES (model: Perkin Elmer, Optima 2100 DV, USA). Quantitative analysis of nickel was done three times and the mean value was used as the results. Computer controlled data collection was used to interpret the results.

The amount of nickel released from each sample was measured in ppm. A total of 27 samples were used in this study, which are shown in [Table 1](#T1){ref-type="table"}.

In Group 1 minimum amount of nickel was observed as 0.015 ppm in sub Group-1c at 48 h and 120 h, and maximum amount of nickel was on the day of 48 h in sub Group-1a, as 1.06 ppm \[[Table 3](#T3){ref-type="table"}\]. In Group 2 minimum amount of nickel was observed to be 0.023 ppm in sub Group-2a at 120 h and the maximum amount of nickel was 1.22 ppm on the day of 1-h in sub Group-2a \[[Table 3](#T3){ref-type="table"}\]. In Group 3 minimum amount of nickel was observed at 0.004 ppm in sub Group-3c at 120 h and the maximum amount of nickel was 0.08 ppm on the day of 120 h in sub Group-3b \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of Group 1, Group 2 and Group 3 brackets under subgroups at different time interval

![](JPBS-7-587-g006)

The statistical analysis states that there is a significant difference (*P* \< 0.01) among the various types of bracket irrespective of pH \[[Table 4](#T4){ref-type="table"}\], which is represented in \[[Graph 1](#F4){ref-type="fig"}\]. In 4.2 pH, among the different types of brackets there is a statistical significant difference (*P* \< 0.05) with MR higher mean score, followed by M and CM \[[Table 5](#T5){ref-type="table"}\], \[[Graph 2](#F5){ref-type="fig"}\]. In 6.5pH there is a statistical significant difference (*P* \< 0.001) among the various types of brackets with higher value to MR \[[Table 6](#T6){ref-type="table"}\], \[[Graph 3](#F6){ref-type="fig"}\]. In 7.6 pH there is a statistical significant (*P* \< 0.001) difference among various types of brackets with higher value to MR \[[Table 7](#T7){ref-type="table"}\], \[[Graph 4](#F7){ref-type="fig"}\]. In 1-h there is a statistical significant difference (*P* \< 0.05) among various types of brackets with higher value to MR \[[Table 8](#T8){ref-type="table"}\], \[[Graph 5](#F8){ref-type="fig"}\]. In 48 h, there is a significant difference (*P* \< 0.03) among various types of brackets with higher value to MR \[[Table 9](#T9){ref-type="table"}\], \[[Graph 6](#F9){ref-type="fig"}\]. In 120 h there is a significant difference (*P* \< 0.03) among various types of brackets with higher value to MR \[[Table 10](#T10){ref-type="table"}\], \[[Graph 7](#F10){ref-type="fig"}\].

###### 

Mean, SD, minimum, maximum and *P* value for comparison of different types of brackets

![](JPBS-7-587-g007)

![The significant difference among the various types of bracket irrespective of pH](JPBS-7-587-g008){#F4}

###### 

4.2 pH and different types of brackets

![](JPBS-7-587-g009)

![The significant difference in 4.2 pH, among the different types of brackets with higher MR mean score followed by M and CM](JPBS-7-587-g010){#F5}

###### 

6.5 pH and different types of brackets

![](JPBS-7-587-g011)

![The significant difference in 6.5 pH among various types of brackets with higher MR](JPBS-7-587-g012){#F6}

###### 

7.6 pH and different types of brackets

![](JPBS-7-587-g013)

![The significant difference in 7.6 pH among the various types of brackets with higher MR](JPBS-7-587-g014){#F7}

###### 

1 h and different types of brackets

![](JPBS-7-587-g015)

![The significant difference among the various types of brackets with higher MR value after '1'hour time](JPBS-7-587-g016){#F8}

###### 

48 h and different types of brackets

![](JPBS-7-587-g017)

![The significant difference among the various types of brackets with higher MR value after 48 hours](JPBS-7-587-g018){#F9}

###### 

120 h and different types of brackets

![](JPBS-7-587-g019)

![The significant difference among the various types of brackets with higher MR value after 120 hours](JPBS-7-587-g020){#F10}

Overall in the present study the total discharge of nickel was more in Group 2 \[[Table 3](#T3){ref-type="table"}\].

Discussion {#sec1-3}
==========

The present study was conducted to evaluate the *in vitro* nickel release from different types of orthodontic brackets by immersion of the samples in artificial saliva at various pH (4.2, 6.5, and 7.6) over an extended time interval of 1-h, 48 h and 120 h. 6.5 and 7.6 are the range of natural salivary pH; whereas 4.2 pH was used to investigate a stimulated condition that occurs only when people consumes acidic foods or drinks (e.g.,: Lime juice, cola drinks).

When compared to the previous studies done by Maria *et al.*\[[@ref19]\] this investigation also shows greatest amount of nickel release in recycled stainless steel brackets. In our study we have found significantly less amount of nickel release from metal slot CM.

Ionic leaching can be accelerated by heat treatment during the reconditioning process.\[[@ref9][@ref20]\] It has been demonstrated that the release of metals from stainless steel appliances increases after heating from 400°C to 800°C. This is a reason why recycled brackets release a higher amount of ions than new conventional stainless steel brackets.

In the previous studies, Maria *et al.* used Alphident recycling process,\[[@ref19]\] which involves washing the brackets in a nonacid solution, followed by drying and heating to 350°C for 24 h. The brackets were then washed twice in a nonacid solution, dried, electro polished for 20 s and sterilized at 250°C.

In the current study, the recycling process used is simple and effective for reconditioning stainless steel orthodontic brackets. Orthodontists still flame the bracket with micro torch, followed by ultrasonic cleaning. Here the tip of the flame will be pointed at the bracket base for 5 s until the base becomes red hot, then quenched in water at room temperature and dried in the air stream. Thus treated brackets were then ultrasonically cleaned for a time period of 600 s.\[[@ref21]\]

In this study, the comparison was done for all kinds of brackets; the highest nickel was released in the experiment at 4.2 pH from recycled stainless steel brackets and the least nickel was in 6.5 pH and 7.6 pH from metal slot CM. These results agree with those put forward by Huang *et al.*\[[@ref22]\] According to them the acidic conditions provide a reducing environment in which the stainless steel oxide film required for corrosion resistance is less stable.

Our results showed that the amount of nickel released in all test solutions were below the critical value for causing nickel allergy (600--2500 μg)\[[@ref19][@ref23]\] and below the daily intake (300--600 μg). Our results have the same opinion with the previous study (comparison of nickel release from new conventional recycled stainless steel and nickel free brackets) of nickel release.

In this study, the artificial saliva developed by Matos de Souza and Macedo de Menezes.\[[@ref9]\], and Tanni and Zucchi\[[@ref17]\] was used. This solution was adjusted with 0.1 g/L of urea and 0.1 g/L of alpha-amylase to make it more similar to the human saliva. Another important factor is the flow rate of saliva in relation to metal corrosion.\[[@ref24]\] In most of the previous studies by Hwang *et al.*, saliva was used in a static condition, but more metal release could be observed in real life because of the composition and fluidity of the saliva in the mouth and also because the oxide layers are removed by tooth brushing.\[[@ref2][@ref24]\]

The samples collected were subjected to nickel analysis through mass spectroscopy, ICP-AES, atomic absorption spectroscopy,\[[@ref1][@ref6][@ref7][@ref8]\] etc. Most of the previous clinical studies as well as *in vitro* studies\[[@ref12][@ref25]\] employed atomic absorption spectrophotometer for nickel analysis. However, Park and Shearer\[[@ref2]\], Eliades *et al.*,\[[@ref26]\] have employed AES for a similar clinical study. While comparing with atomic absorption, ICP-AES has an advantage of providing information about a wide spectrum of elements in the same sample.\[[@ref11]\]

In our study, after immersion of the samples they were gently stirred on a shaking plate at room temperature so that all the parts of the brackets were soaked, and homogeneous solutions were obtained. It should be analyzed that this movement could have accelerated the degradation and increase the metal release.

In this study, the nickel release from the recycled stainless steel brackets has the highest at all 4.2 pH except in 120 h. Thus, the recycled stainless steel brackets should be avoided for patients with allergies. Metal slot ceramic bracket\'s nickel release is significantly low, so it could be advised. However, it is still matters of controversy and argument whether hypersensitivity occurs from dental nickel-based alloys and whether patients with hypersensitivity show forbearance, reoccurrence or cytotoxic reactions during orthodontic treatment. The point of debate is that to develop an allergic reaction in the oral mucosa, the level of an antigen must be 5--12 times greater than that needed for a skin allergy.\[[@ref19]\]

Conclusion {#sec1-4}
==========

The nickel release in the present study during the time period and groups was statistically significant, and the total release of nickel was more in recycled-stainless steel brackets. It can be said that though all the new advances promise a superior performance than the ones before. It needs clinical studies with large number of patients with long intervals, which should be conducted in the biological intraoral environment.
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